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Abstract The objective of this research was to detect
bovine GDF10 gene polymorphism and analyze its associ-
ation with body measurement traits (BMT) of animals
sampled from 6 different Chinese indigenous cattle popu-
lations. The populations included Xuelong (Xl), Luxi (Lx),
Qinchuan(Qc), Jiaxian red (Jx),Xianang(Xn) and Nanyang
(Ny). Blood samples were taken from a total of 417 female
animals stratiﬁed into age categories of 12–36 months.
Polymerase chain reaction–single strand conformation
polymorphism (PCR–SSCP) was employed to ﬁnd out
GDF10singlepolymorphismnucleotide(SNPs)andexplore
their possible association with BMT. Sequence analysis of
GDF10 gene revealed 3 SNPs in total: 1 in exon1 (G142A)
and 2 in exon3 (A11471G, and T12495C). G142A and
T12495C SNPs are both synonymous mutation. They
showed 2 genotypes namely respectively (GG, GA) and (PP
and PB). A11471G SNP is a missense mutation leading to
the change of Alanine to Threonine amino acid. It showed
three genotypes namely AA, BB and AB. Analysis of
association of polymorphism with body measurement traits
at the three locus showed that there were signiﬁcant effects
on BMT in Qc, Jx and Ny cattle population. These results
suggestthat the GDF10 gene might have potential effects on
body measurement traits in the above mentioned cattle
populations and could be used for marker-assisted selection.
Keywords Chinese indigenous cattle   GDF10   Body
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Introduction
The principal use of beef cattle is for meat production. In
China, industries of meat production have developed rap-
idly and recently showed an increasingly positive trend.
Chinese yellow cattle are known to be good beef cattle
because of peculiar qualities, such as strong trunk, crude
feed tolerance, high stress resistance, good adaptability,
ﬁne beef ﬂavor and so on. However, some drawbacks still
stand, such as underdeveloped hind hip and slow growth.
It’s then necessary to select important functional genes of
beef cattle through marker-assisted selection in order to
solve the problems of low efﬁciency in Chinese beef cattle
breeding, increase economic beneﬁts and promote the
development of domestic cattle industry towards high
quality and efﬁciency.
Bone morphogenetic proteins (BMPs) are members of
the transforming growth factor-beta (TGF-b) superfamily
[1], which can inﬂuence a variety of differentiation pro-
cesses, including adipogenesis, myogenesis, chondrogene-
sis, hematopolesis and epithelial cell differentiation [2]. In
this superfamily, BMPs were originally identiﬁed on the
basis of their ability to induce ectopic bone formation when
implanted within soft tissue in vivo [3].
Growth differentiation factor 10 (GDF10) is the regu-
lator of cell growth and differentiation in both embryonic
and adult tissues. It is one of the most important members
of BMPs. [4]. Previous studies in murine allowed GDF10
mRNA detection in both neonatal and adult bone samples
with higher levels being detected in calvaria than in long
bone [5, 6]. These results suggest that GDF10 gene may
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and skeletal morphogenesis. In order to determine the
biological function of GDF10, [7] carried out a detailed
analysis of the expression pattern of GDF10. They found
that during embryogenesis GDF10 is expressed promi-
nently in developing skeletal structures both in the cra-
niofacial region and in the vertebral column. Additionally,
[8] suggested that GDF10 may have novel uncharacterized
roles in transducing teratogenic signal in the limb. Fur-
thermore they localized GDF10 in situ hybridization (ISH)
to area of programmed cell death in the limb.
BMT are economically important in cattle breeding and
their variations have been claimed to be associated with
different factors among which genetic factors are pre-
dominant. Based on the role of GDF10 in bone morpho-
genetic as determined in mice and human, GDF10 could be
an attractive candidate gene for BMT in bovine genetic
improvement. Therefore, the objective of this study is to
detect SNP of GDF10 gene in different Chinese indigenous
cattle population and explore their possible association
with BMT.
Materials and methods
Experimental animals
A total of 417 female animals stratiﬁed into age categories
of 12 months to 36 months which comprises:
– Xl cattle (n = 50, Dalian) blood samples collected
from Dalian province;
– Lx cattle (n = 62, Shandong) blood samples collected
from Luxi cattle breeding farm, Heze City Shandong
Province;
– Qc cattle (n = 148, Shaanxi) blood samples collected
from Shaanxi province
Yuanzhong farm and ﬁve animal husbandry and tech-
nology companies;
– Jx cattle (n = 71, Henan) blood samples collected from
Pingdingshan city, Henan province;
– Xn cattle (n = 38, Henan) blood samples collected
from Zhumadian Biyang County, Henan Province;
– Ny cattle (n = 48, Henan Province) blood samples
collected from cattle conservation farm, Nanyang,
Henan Province were randomly selected from breeding
population and used to analyze the GDF10 allelic
frequencies.
DNA isolation
Animals blood samples were obtained from the 417 ani-
mals and treated with 2% heparin then stored at -80C.
DNA samples were extracted from blood samples accord-
ing to standard procedures [9].
Body measurements traits
The traits measured, as described previously [10], included
BL, BH, HH, RL, HW, CD and CC. In order to minimize
systematic error, the same person was assigned to measure
one of the seven traits in all animals.
Primers design
Based upon the bovine GDF10 gene (GenBank accession
No, NC_007329.3), 10 pairs of PCR primers have been
designed by Primer Premier 5.0 software to amplify a DNA
sequence from GDF10 gene exon1, 2 and 3.
Polymerase chain reaction condition
Polymerase chain reaction (PCR) ampliﬁcations were
performed in 20 ll reaction mixture containing 50 ng DNA
template, 10 pM of each primer, 0.20 mM dNTP, 2.5 mM
MgCl2 and 0.5 U Taq DNA polymerase (TaKaRa, Dalian,
China).
Single strand conformation polymorphism (SSCP)
and sequencing
PCR products were analyzed by single-strand conformation
polymorphisms (SSCP). Aliquots of 4 ll of above PCR
products were mixed with 8 ll of the denaturing solution
(95% formamide, 25 mM EDTA, 0.025% xylene-cyanole
and 0.025% bromophenol blue), incubated at 98C for
10 min and then chilled in ice. Denatured DNA was loaded
in 8% to 16% PAGE gel according to the size of the pair of
primer used. The gel was run at constant voltage of 121 V
for a period of time depending on the concentration of the
gel. The gel was stained with 0.1% silver nitrate and
visualized with 2% NaOH solution (containing 0.1%
formaldehyde) according to [11]. To conﬁrm the results
based on PCR–SSCP technique, the PCR products from the
mix DNA template were sequenced in both directions.
DNAMAN (version 6.0) software was used to analyze the
sequences.
Statistical analyses
Genotypic frequencies, allelic frequencies, Hardy–Wein-
berg equilibriums, gene homozygosity (Ho), gene hetero-
zygosity (He), effective allele numbers (Ne) and
polymorphism information content (PIC) were statistically
analyzed according to the previous approaches of [12, 13].
The association between SNP marker genotypes of GDF10
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HH, RL, HW, CD, CC) were analyzed by the software
SPSS (version 17.0) according to the following statistical
linear model:
Yijk ¼ l þ Gj þ Ai þ Eijk;
where Yijk is the observation for the body measurement
traits, l is the overall mean for each trait, Gj is the geno-
type effect, Ai is the ﬁxed effect of age and Eijk is the
random error.
Results
PCR–SSCP analysis of the GDF10 gene
10 pairs of PCR primers have been designed to amplify a
DNA sequence from GDF10 gene exon1, 2 and 3.
Sequence analysis of GDF10 gene revealed 3 SNPs in total,
1 in exon1 (G142A) and 2 in exon3 (A11471G and
T12495C). A11471G SNP showed 3 genotypes namely
AA, AB and BB (Fig. 2a), whereas both G142A SNP and
T12495C SNP showed two genotypes namely GG and GA
(Fig. 1a) and PB and PP (Fig. 3a) respectively.
Genetic analysis of bovine GDF10 gene exon1 and v
2
test
GDF10 exon1 analysis showed that there was a G ˘ [A
synonymous mutation at 142-bp position (Fig. 1b). Genetic
diversity of the locus was calculated (Tables 1, 2); mutant
allele A was present in ﬁve populations out of 6, and it was
less frequent than the wild allele G in the population
involved. GG genotype frequency ranged from 0.5968 (Lx)
to 1.0000 (Ny). In all populations except Ny, GA genotype
existed and its frequency ranged from 0.1200 (Xl) to
0.4032 (Lx) (Table 1). The result in Table 2 shows that Jx
and Lx population’s heterozygosity, polymorphism infor-
mation content and effective number of allele’s values
were higher than that of the other populations. This meant
that Jx and Lx polymorphism and genetic variation were
the highest; according to the classiﬁcation of PIC (low
polymorphism if PIC value\0.25, medium polymorphism
if 0.25\ PIC value \0.5, and high polymorphism if PIC
value [0.5), Lx and Jx showed medium polymorphism
levels whereas Xl, Qc and Xn showed low polymorphism
levels. The v
2 test showed that genotypic distributions in all
the populations involved agreed with Hardy–Weinberg
equilibrium (P[0.05).
Association of polymorphism with body measurement
traits at GDF10 exon 1 (142 bp) locus
Analysis of association of polymorphism with BMT at
GDF10 exon 1 (142 bp) locus showed that there were
signiﬁcant effects on HW, CD, (P\0.01) and CC
(P\0.05) in the Jx cattle population (Table 3). GG
genotype had the higher mean value for all the traits
involved and might be the favorable genotype.
Genetic analysis of GDF10 gene exon3 and effect
of SNP on body measurement traits
Analysis of GDF10 gene exon3 showed that there were 2
mutations namely A11471B and P12495B. Genetic diver-
sity of the loci was calculated.
  GA
A
B
GG GG GG GG GA
G G/A 
Fig. 1 a Electrophoresis
patterns of PCR–SSCP exon 1
of the bovine GDF10.
b Sequencing map of G142A
mutation in GDF10 gene exon1
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Genetic analysis
Analysis of GDF10 gene exon3 showed that there was
A[B missense mutation leading to the change of Ala-
nine to Threonine amino acid at 11471 bp position
(Fig. 2b–d). Genetic diversity of the locus was calculated
(Tables 4, 5). In the six populations involved, AB
genotype frequency of Xl and Lx were the highest, Ny
population had the lowest value; AA genotype frequency
of Lx and Ny were the highest, while the lowest value
was that of Xl. In all populations, except in Lx, the BB
genotype existed (Table 4). Concerning the others, BB
genotype frequency of Xn was the lowest; Qc population
had the highest value.
Table 5 showed that among the six populations, gene
homozygosity at this locus was classiﬁed in descending
order: Lx[Ny[Xl[Xn[Jx[Qc.
The polymorphic information content values are in the
following order: Qc[Jx[Xn[Xl[Ny[Lx. All
population showed medium polymorphism. The v
2 test
showed that, except Xl population, genotypic distributions
in all the populations involved agreed with Hardy–Wein-
berg equilibrium (P[0.05).
Association of polymorphism with body measurement
traits at GDF10 exon3 (11471 bp) locus
Signiﬁcant difference has been found between genotypes in
Qc, Jx and Ny population.
In Qc population there was signiﬁcant difference
between BB and AA genotypes and also between BB and
AB genotypes with BL, RL, HW, and CC. On the other
hand BH was signiﬁcantly different between AB and AA
genotypes and also AB and BB genotype. However in Jx
population signiﬁcant difference appeared between BB and
AB genotypes with BL, CD and CC. In the same way there
Table 1 Genotype and allele
frequencies at 142 bp locus of
GDF10 gene exon1
Population Genotypic frequencies Total Allelic frequencies v
2(HW*)
GG GA G A
Xl 0.8800 (44) 0.1200 (06) 50 0.9400 0.0600 0.5747
Lx 0.5968 (37) 0.4032 (25) 62 0.7984 0.2016 2.7554
Qc 0.7905 (117) 0.2095 (31) 148 0.8953 0.1047 1.0598
Jx 0.6056 (43) 0.3944 (28) 71 0.8028 0.1972 3.0844
Xn 0.7105 (27) 0.2895 (11) 38 0.8553 0.1447 0.2400
Ny 1.0000 (48) 0.0000 (00) 48 1.0000 0.0000 0
Table 2 Population genetic
indexes at the GDF10 exon 1
(142 bp) region
Population Gene
homozygosity
Gene
heterozygosity
Effective allele
numbers
Polymorphic
information content
(Ho) (He) (Ne) (PIC)
Xl 0.8872 0.1128 1.1271 0.1064
Lx 0.6781 0.3219 1.4748 0.2701
Qc 0.8125 0.1875 1.2308 0.1699
Jx 0.6834 0.3166 1.4633 0.2665
Xn 0.7524 0.2476 1.3290 0.2169
Ny 1.0000 0.0000 1.0000 0.0000
Table 3 Least square means and standard errors of the body measurement traits obtained for the genotypes of the GDF10 gene polymorphism in
Jx cattle population at locus G142A
Genotype Traits (cm, Means ± SE)
BL BH HH RL HW CD CC
GG 137.605 ± 3.568 125.843 ± 2.324 126.433 ± 2.699 43.910 ± 1.653 41.345 ± 1.537
A 64.900 ± 2.134
A 175.119 ± 2.948
a
GA 135.186 ± 3.463 124.090 ± 2.256 123.938 ± 2.619 42.271 ± 1.604 38.488 ± 1.492
B 60.443 ± 2.071
B 171.071 ± 2.861
b
a,b Means with different superscripts were signiﬁcantly different (P\0.05)
A,B Means with different superscripts were signiﬁcantly different (P\0.01)
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Fig. 2 a SSCP electrophoresis pattern of GDF10 gene exon3 (11471 bp). b–d The sequencing map of the novel SNP of bovine GDF10 exon3
(11471 bp locus)
Table 4 Genotype and Allele frequencies at 11471 bp locus of GDF10 gene exon3
Population Genotypic frequencies Total Allelic frequencies v
2 (HW*)
AA AB BB A B
Xl 0.1800 (9) 0.5000 (25) 0.3200 (16) 50 0.4300 0.5700 0.0200
Lx 0.5161 (32) 0.4839 (30) 0.0000 (0) 62 0.7581 0.2419 4.9810
Qc 0.3446 (51) 0.3311 (49) 0.3243 (48) 148 0.5101 0.4899 16.8647
Jx 0.3239 (23) 0.3803 (27) 0.2958 (21) 71 0.5141 0.4859 4.0499
Xn 0.3684 (14) 0.3421 (13) 0.2895 (11) 38 0.5395 0.4605 3.6872
Ny 0.5208 (25) 0.1667 (8) 0.3125 (15) 48 0.6042 0.3958 20.3764
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123was signiﬁcant difference between BB and AB genotype
and also between AA and AB genotypes with BH and HH.
In Ny population signiﬁcant difference was found
between AB and BB genotypes with BL, BH and HH.
In most of the cases AB genotype had the highest mean
value and might be the beneﬁcial genotype (Table 6).
Exon3 (12495 bp)
Genetic analysis
Analysis of GDF10 gene exon3 showed that there was
P[B synonymous mutation at 12495 bp position
(Fig. 3b). Among the 6 populations, PB genotype
frequency of Xl was the highest while that of Qc was
the lowest (Table 7). Gene homozygosity at this
locus classiﬁed in descending order is: Qc[Ny[
Jx[Xn[Lx[Xl. The polymorphic information content
values are in the following order: Xl[Lx[Xn[
Ny[Jx[Qx. Xl, Lx, Xn, Ny and Jx showed medium
polymorphism while Qc showed low polymorphism
(Table 8). The v
2 test showed that genotypic distributions
in all the populations involved agreed with Hardy–Wein-
berg equilibrium (P[0.05).
Association of polymorphism with body measurement
traits at GDF10 exon3 (12495 bp) locus
Analysis of association of polymorphism with BMT at
GDF10 exon3 (12495 bp) locus showed that there were
signiﬁcant effects on BL, BH and HH, (P\0.05) in Qc
cattle population (Table 9). PB had the higher mean value
for all the traits involved and might be the favorable
genotype.
Discussion
Identifying the QTL, which is responsible for the mani-
festation of economically important traits, will facilitate
Chinese indigenous cattle breeding programs. Molecular
genetic information is integral to bring about genetic
improvement of animal species in order to have signiﬁcant
positive developments. Candidate gene approach is a very
vital and crucial method to investigate associations of gene
Table 5 Population genetic
indexes at the GDF10 exon3
(11471 bp) region
Population Gene
homozygosity
Gene
heterozygosity
Effective allele
numbers
Polymorphic
information content
(Ho) (He) (Ne) (PIC)
Xl 0.5098 0.4902 1.9616 0.3701
Lx 0.6332 0.3668 1.5793 0.2995
Qc 0.5002 0.4998 1.9992 0.3749
Jx 0.5004 0.4996 1.9984 0.3748
Xn 0.5031 0.4969 1.9876 0.3734
Ny 0.5217 0.4783 1.9168 0.3639
Table 6 Least square means and standard errors of the body measurement traits obtained for the genotypes of the GDF10 gene polymorphism in
Qc, Jx and Ny cattle population in exon3 locus (11471 bp)
P G Traits (cm, Means ± SE)
BL BH HH RL HW CD CC
QC AA 129.362 ± 2.137
a 117.586 ± 1.428
b 122.822 ± 1.582 42.983 ± 0.855
a 41.345 ± 1.038
a 63.724 ± 1.042 165.983 ± 2.957
a
AB 130.019 ± 2.215
a 119.056 ± 1.480
a 123.333 ± 1.640 42.648 ± 0.886
a 41.519 ± 1.076
a 63.537 ± 1.080 165.148 ± 3.064
a
BB 122.609 ± 2.399
b 116.652 ± 1.603
b 123.435 ± 1.777 40.087 ± 0.960
b 38.048 ± 1.165
b 63.087 ± 1.170 155.870 ± 3.320
b
JX AA 129.407 ± 1.786
AB 118.926 ± 1.356
a 124.852 ± 1.428
a 42.074 ± 0.769 41.907 ± 0.906 64.963 ± 1.137
ab 167.593 ± 1.836
ab
AB 133.091 ± 1.978
A 118.364 ± 1.502
a 124.045 ± 1.582
a 40.378 ± 0.852 42.682 ± 1.004 68.182 ± 1.260
a 168.182 ± 2.034
a
BB 124.813 ± 2.319
B 114.063 ± 1.761
b 119.750 ± 1.855
b 40.813 ± 1.000 41.188 ± 1.177 63.688 ± 1.478
b 161.750 ± 2.385
b
NY AA 129.379 ± 1.746
ab 118.483 ± 1.398
ab 124.828 ± 1.398
ab 41.690 ± 0.752 41.879 ± 0.881 65.034 ± 1.138 167.517 ± 1.819
AB 132.762 ± 2.051
a 118.286 ± 1.562
a 123.190 ± 1.643
a 42.095 ± 0.884 42.095 ± 1.035 67.048 ± 1.337 166.667 ± 2.138
BB 125.267 ± 2.427
b 114.667 ± 1.848
b 120.600 ± 1.944
b 42.067 ± 1.046 42.067 ± 1.225 65.267 ± 1.582 163.667 ± 2.529
P population, G genotype
a,b Means with different superscripts were signiﬁcantly different (P\0.05)
A,B Means with different superscripts were signiﬁcantly different (P\0.01)
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123polymorphisms with economically important traits in farm
animals [14]. Many previous studies have examined
growth [15], skeletal muscle [16], physiological [17, 18],
reproductive [19–21], meat quality [22] traits using the
candidate gene approach in cattle in order to explain their
associations.
Transforming growth factor (TGF) super family is a
group of multifunctional proteins that are regulators of cell
growth and differentiation in both embryonic and adult
tissues [5, 23].Growth differentiation factor 10 (GDF10),
also known as BMP-3b and closely related to bone mor-
phogenetic protein 3 (BMP3), is one of the important
PP A
B
PP
PB PB PB PP PB
PB
Fig. 3 a SSCP electrophoresis pattern of GDF10 gene exon3 (12495 bp locus). b The sequencing map of the novel SNP of bovine GDF10 exon3
(12495 bp locus)
Table 7 Genotype and allele
frequencies at 12495 bp locus
of GDF10 gene exon3
Population Genotypic frequencies Total Allelic frequencies v
2 (HW*)
PP PB P B
Xl 0.3200 (16) 0.6800 (34) 50 0.6600 0.3400 13.2691
Lx 0.3871 (24) 0.6129 (38) 62 0.6935 0.3065 12.1049
Qc 0.7973 (118) 0.2027 (30) 148 0.8986 0.1014 0.9328
Jx 0.4930 (35) 0.5070 (36) 71 0.7465 0.2535 8.1894
Xn 0.4211 (16) 0.5789 (22) 38 0.7105 0.2895 6.3073
Ny 0.5625 (27) 0.4375 (21) 48 0.7813 0.2188 2.5374
Table 8 Population genetic
indexes at the GDF10 exon3
(12495 bp)
Population Gene
homozygosity
Gene
heterozygosity
Effective allele
numbers
Polymorphic
information content
(Ho) (He) (Ne) (PIC)
Xl 0.5512 0.4488 1.8142 0.3481
Lx 0.5749 0.4251 1.7394 0.3347
Qc 0.8178 0.1822 1.2227 0.1656
Jx 0.6215 0.3785 1.6090 0.3069
Xn 0.5886 0.4114 1.6988 0.3267
Ny 0.6582 0.3418 1.5193 0.2834
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123members of this super family protein. It is able to induce
endochondral bone formation [1] and possibly plays mul-
tiple roles in regulating cell differentiation events, includ-
ing those involved in skeletal morphogenesis [5]. GDF10
has been discovered in rat and human femur tissue [23, 24].
Moreover, GDF10 has been localized in situ hybridization
(ISH) to area of programmed cell death in the limb [8]. All
of the above ﬁndings provided evidence that GDF10 may
inﬂuence BMT.
In this study the possible relationship between GDF10
polymorphism and the seven body measurement traits, BL,
BH, HH, RL, HW, CD and CC, was evaluated using blood
samples from 417 cattle belonging to six different cattle
populations. Sequence analysis of GDF10 gene revealed 3
SNPs in total, 1 in exon1 (G142A) and 2 in exon3
(A11471G and T12495C). A11471G SNP showed 3
genotypes (AA, AB and BB) whereas both G142A SNP
and T12495C showed two genotypes namely (GG, AG)
and (PB, PP) respectively. Association between SNPs and
BMT has been analyzed. It seems that G142A SNP is
associated with HW, CD and CC only in Jx cattle popu-
lation. A11471G SNP is associated with BL, BH, RL, HW
and CC in Qc cattle population, with BL, BH, HH, CD and
CC in Jx cattle population and with BL and HH in Ny
cattle population. T12495C SNP is associated with BL,
WH and HH only in Qc cattle population. The association
of BMT with T12495C SNPs in Qc cattle population and
that of G142A SNP in Jx cattle population only may be
correlated to other direct or indirect factors speciﬁc to the
respective cattle population. At 142 bp locus, GG genotype
appeared to be the beneﬁcial genotype; at 11471 and
12495 bp respectively AB and PB appeared to be beneﬁ-
cial genotype. G142A and T12495C SNPs are all synon-
ymous mutations whereas A11471G SNP appears to be a
missense mutation inducing the replacement of an Alanine
amino-acid by a Threonine amino-acid at the current locus.
This change of amino acid may have an impact in terms of
function of the protein produced by GDF10 gene. The
absence of GA genotype in Ny cattle population at 142 bp
locus and of BB genotype at 11471 bp locus in Lx cattle
population can be explained in two ways: either GA and
BB genotypes does not exist in the respective population or
the size of sample used was small; Our results provide
evidence that the GDF10 gene probably has potential
effects on body measurement traits in the above mentioned
cattle populations.
In the TGF-b superfamily, growth differentiation factor
5 and BMP4 were found to be associated with body mea-
surement traits [15, 25, 26]. Beside, BMP4 and GDF9 were
found to be associated with litter size in goat [20, 27].
Based on the results obtained from the research it can be
inferred that mutation in the coding regions of GDF10 gene
has an effect on growth traits in Chinese indigenous cattle.
Therefore, I recommend that further research will be nec-
essary to use the SNPs for marker-assisted selection (MAS)
in a larger population size. It is also necessary to investi-
gate what is the impact of A12377G SNP on GDF10 pro-
tein function.
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